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Abstract 

Background: The control of the lower urinary tract is a complex, multilevel process involving both the peripheral and 
central nervous system. Due to lesions of the neuraxis, most spinal cord injury patients suffer from neurogenic lower 
urinary tract dysfunction, which may jeopardise upper urinary tract function and has a negative impact on 
health-related quality of life. However, the alterations to the nervous system following spinal cord injury causing 
neurogenic lower urinary tract dysfunction and potential effects of treatments such as intradetrusor onabotulinumtoxinA 
injections on lower urinary tract control are poorly understood. 

Methods/Design: This is a prospective structural and functional magnetic resonance imaging study investigating the 
supraspinal lower urinary tract control in healthy subjects and spinal cord injury patients undergoing intradetrusor 
onabotulinumtoxinA injections for treating neurogenic detrusor overactivity. 

Neuroimaging data will include structural magnetic resonance imaging (Tl -weighted imaging and diffusion tensor 
imaging) as well as functional, i.e. blood oxygen level-dependent sensitive magnetic resonance imaging using a 3 T 
magnetic resonance scanner. The functional magnetic resonance imaging will be performed simultaneously to three 
different bladder stimulation paradigms using an automated magnetic resonance compatible and synchronised pump 
system. 

All subjects will undergo two consecutive and identical magnetic resonance imaging measurements. Healthy subjects will 
not undergo any intervention between measurements but spinal cord injury patients will receive intradetrusor 
onabotulinumtoxinA injections for treating neurogenic detrusor overactivity. 

Parameters of the clinical assessment including bladder diary, urinalysis, medical history, neuro-urological examination, 
urodynamic investigation as well as standardised questionnaires regarding lower urinary tract function and quality of life 
will serve as co-variates in the magnetic resonance imaging analysis. 
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(Continued from previous page) 

Discussion: This study will identify structural and functional alterations in supraspinal networks of lower urinary tract 
control in spinal cord injury patients with neurogenic detrusor overactivity compared to healthy controls. Post-treatnnent 
nnagnetic resonance imaging measurements in spinal cord injury patients will provide further insights into the mechanism 
of action of treatments such as intradetrusor onabotulinumtoxinA injections and the effect on supraspinal lower urinary 
tract control. 

Trial registration: ClinicalTrials.gov NCJOl 768910. 

Keywords: Urinary bladder, Spinal cord injury, Neuroimaging, Magnetic resonance imaging, Neurogenic detrusor 
overactivity, OnabotulinumtoxinA intradetrusor injections 



Background 

Spinal cord injury (SCI) is a devastating event with far- 
reaching consequences for the individuals health and the 
economic and social future. In the past, renal failure due to 
neurogenic lower urinary tract dysfunction (NLUTD) was a 
leading cause of death after SCI [1]. Furthermore, NLUTD 
has a highly negative impact on patients' quality of life 
(QoL), Acute SCI initially causes "spinal shock", charac- 
terised by an acontractile/hypocontractile detrusor and 
urinary retention, which in case of a suprasacral lesion 
(today the vast majority of SCI) is followed by development 
of detrusor overactivity mostly combined with detrusor 
sphincter dyssynergia [2]. Antimuscarinics are the pharma- 
cological first-line treatment for detrusor overactivity al- 
though the effectiveness is limited [3]. In addition, many 
patients discontinue antimuscarinics due to bothersome 
side-effects [4]. Thus, intradetrusor onabotulinumtoxinA 
injections have become an established, highly effective, 
minimally invasive, and generally well-tolerated therapy for 
refractory detrusor overactivity [5] to improve patients' 
health and QoL [6]. Despite the popularity of intradetrusor 
onabotulinumtoxinA injections, the exact mechanisms of 
action remain to be elucidated. Nevertheless, it seems 
highly probable that, in addition to a direct efferent effect 
by blocking the presynaptic release of acetylcholine from 
the parasympathetic innervation resulting in temporary 
chemodenervation of the detrusor, onabotulinumtoxinA 
also modulates afferent pathways [7]. It is, however, not 
known whether this treatment can normalise alterations in 
supraspinal areas and whether supraspinal modulation cor- 
relates with clinical improvements. 

The control of the lower urinary tract (LUT) is a 
complex, multilevel process that involves both the 
peripheral and central nervous system but the exact 
mechanisms involved in humans are still incompletely 
understood [8]. Neuroimaging studies over the last dec- 
ade have consistently pointed to a complex supraspinal 
network that controls LUT function [9]. These studies 
tremendously increased our understanding of how hu- 
man LUT function is coordinated and how it can be af- 
fected by neurological disorders. Recent neuroimaging 



studies demonstrated reorganisation of supraspinal ac- 
tivity in response to LUT stimulation tasks in patients 
with disorders such as Parkinsons disease [10-12] and 
SCI [13] as compared to healthy controls, which might 
represent the neural correlate of their NLUTD. 

Cortical and sub-cortical (for example, brainstem) 
brain regions are essential for voluntary LUT control 
[9,14,15]. Investigation of the supraspinal regions with 
high-resolution imaging techniques, for example, struc- 
tural magnetic resonance imaging (MRI) and functional 
MRI (fMRI), can significantly increase our knowledge 
on the effects of supraspinal lesions and alterations 
related to NLUTD [9,16]. Although diffusion tensor 
imaging (DTI) [17] is popular in other fields in neuro- 
science, it has only been applied in the context of 
supraspinal LUT control in one prospective study [18] 
in patients with non-neurogenic LUT symptoms. 

In this study, we will first identify supraspinal areas 
associated with LUT control in SCI patients with neuro- 
genic detrusor overactivity and healthy controls. Subse- 
quently, we will investigate the effects of intradetrusor 
onabotulinumtoxinA injections on supraspinal areas. 
Task-related blood oxygen level-dependent (BOLD) 
fMRI will be used along structural MRI (Tl-weighted 
and DTI). Moreover, we will examine volumetric 
parameters (for example, grey and white matter concen- 
tration) by voxel- (VBM) [19] and tensor-based morph- 
ometry (TBM) [20], structural integrity and connectivity 
of white matter tracts (DTI) as well as structural (SC) 
and functional connectivity (FC). 

This unique and detailed multimodal imaging and 
clinical approach will distinguish the different structural 
and functional processing units involved during suprasp- 
inal LUT control and will identify dysfunctional neuronal 
components in SCI patients responsible for neurogenic 
detrusor overactivity. 

For a test-retest validation, we will additionally investi- 
gate the reliability [21] of BOLD signals in task-related 
fMRI in healthy controls by the intra-class correlation 
coefficient (ICC) for absolute or consistent agreement of 
participants activations over two visits. 
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Methods/Design 

Study design 

This prospective research study will be conducted at the 
University of Zurich, Zurich, Switzerland in cooperation 
with our partner, the institute of Neuro-Radiology, 
University of Zurich, University Hospital Zurich, Zurich, 
Switzerland. 

Study location 

The study has two study locations, that is, the department 
of Neuro-Urology, Spinal Cord Injury Centre & Research, 
University of Zurich, Balgrist University Hospital, Zurich, 
Switzerland (first and third visit, see below) and the MR- 
Centre, University Hospital Zurich, Zurich, Switzerland 
(second and third visit, see below). 

Study population and recruitment 

In line with the inclusion and exclusion criteria 
(Table 1), we will investigate SCI patients with 
neurogenic detrusor overactivity and healthy controls 
with an unimpaired LUT function. Participants of 
both groups will be similar according to age and 
gender. 

20-24 SCI patients with neurogenic detrusor over- 
activity refractory to antimuscarinics and scheduled 
for study independent intradetrusor onabotulinum- 
toxinA injections and 12-24 healthy controls will be 
recruited. 



Interventions 

Subjects providing written informed consent will be in- 
vited for the following visits (Figure 1): 

Screening (Visit 1): Evaluation for study eligibility will 
be based on medical history, urinalysis to exclude urinary 
tract infection (UTI) and pregnancy in female participants, 
3-day bladder diary, post void residual, urodynamic 
parameters as well as on standardised validated question- 
naires such as Qualiveen [22] and International Consult- 
ation on Incontinence modular questionnaire [(ICIQ), 
Bristol Urological Institute, Southmead Hospital Bristol, 
UK] assessing lower urinary tract symptoms (LUTS) in 
both woman (ICIQ-FLUTS) and men (ICIQ-MLUTS). 

MRI measurements (Visit 2 and 3, Figure 1): Two 
MRI measurements will be performed in identically 
manner within a 5 to 7 weeks interval. 

Both MRI measurements will be performed using a Phi- 
lips Ingenia 3 Tesla MR scanner (Philips Medical Systems, 
Best, The Netherlands) with a 16-channel head coil to ac- 
quire the following sequences (Figure 2): 

• Structural sequences will comprise Tl -weighted and 
DTI. 

• Functional sequences will comprise three different 
task-related fMRI paradigms (Figure 3). 

• In the first two task-related fMRI paradigms, we 
will examine the effect of visceral bladder sensa- 
tion by automated, repetitive bladder filling with 
100 mL body warm (37°C) saline starting with an 



Table 1 Inclusion and exclusion criteria for all participants 


Groups 


Inclusion criteria 


Exclusion criteria 


All participants 


• MR suitability 


• Pregnancy or breast feeding 




• Written informed consent 


• Any anatomical anomaly of LUT/genitalia 

• Any LUT malignancy 

• Claustrophobia 


SCI patients 


• Age limit: > 18 years 

• Neurogenic detrusor overactivity 

• Refractory to antimuscarinic treatment 

• Scheduled for intradetrusor onabotulinumtoxinA injections 


• Symptomatic UTI 


Healthy controls 


• Age limits: > 18 years 


• Impaired LUT function 




• Unimpaired LUT function 


• Any LUTS (3-day bladder diary) 




• No LUTS (3-day bladder diary) 


• Any number of episodes of urinary urgency/week 




• No episode of urinary urgency/week 


• Urinary frequency > 8/24 h 




• Urinary frequency < 8/24 h 


• Any craniocerebral injury or surgery 

• Any permanent ferromagnetic implant 

• Any previous surgery of LUT/genitalia 

• UTI 

• PVR > 150 mL 



LUT = lower urinary tract, LUTS = lower urinary tract symptoms, MR = magnetic resonance, PVR = post void residual, SCI = spinal cord Injury, UTI = urinary 
tract Infection. 
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1 - 4 weeks 

(washout of antimuscarinic 
therapy 2 weeks before 
visit 2, when applicable) 



r 



I 



Visit 1 

Written informed consent 
Medical history 
Urinalysis 
PVR 

3-day bladder diary 
Neuro-urological examination 
Urodynamic investigation 
Questionnaires 



r 



Visit 2 

Urinalysis 

1^' MRI measurement 



Visit 3 

Urinalysis 

2"^ MRI measurement 
PVR* 

3-day bladder diary* 
Neuro-urological examination* 
Urodynamic investigation* 
Questionnaires* 



Figure 1 Timetable and ciiaracteristics of all visits. "Patients only, Treatment = 
resonance imaging, PVR = post void residual 



intradetrusor onabotulinumtoxinA injection, MRI = magnetic 



empty bladder (first paradigm) and a bladder 
volume eliciting desire to void (second 
paradigm). 

• The third task-related fMRI paradigm will 
contain automated, repetitive filling of 100 mL 
cold (4-8°C) saline starting with an empty 
bladder. 



Figure 2 Sequences of magnetic resonance imaging (MR!) 
measurements. "Bladder will be filled with body warm saline until 
a persistent desire to void is present. 



Repetitive filling will be performed using an automated 
MR-compatible and MR-synchronised pump system [18] 
to precisely fill and drain the bladder. During the MRI 
measurements, all participants will use an MR-compatible 
handheld response system [23] to rate their desire to void 
and level of pain on a displayed visual analogue scale. 

Study outcome measures 
Primary 

(A) Task-related BOLD signal intensity in supraspinal 
regions of interest (ROI) in SCI patients with 
neurogenic detrusor overactivity compared to healthy 
controls. 

(B) Supraspinal morphometry of ROIs in SCI patients 
with neurogenic detrusor overactivity compared to 
healthy controls. 

(C) SC and FC between ROIs of the supraspinal LUT 
controlling circuitries in SCI patients with 
neurogenic detrusor overactivity and healthy 
controls. 

(D) Changes of task-related BOLD signal intensity, SC and 
FC between ROIs in SCI patients with neurogenic de- 
trusor overactivity before and after study independent 
intradetrusor onabotulinumtoxinA injections. 

Secondary 

(A) Reliability of BOLD signal changes between first 
and second MRI measurement in healthy controls. 

(B) Correlations between clinical co-variates that are 
bladder diary parameters, urodynamic parameters, 
level of desire to void during fMRI and task-related 



MRI measurements 



High resolution anatomical 
T1 -weighted scan 

Diffusion tensor imaging (DTI) 

Automatic filling of lOOmL body warm 
saline starting with an empty bladder 

Automatic filling of lOOmL body warm 
saline starting with a prefilled bladder* 

Automatic filling of lOOmL cold (4-8°) 
saline starting with an empty bladder 
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A) First task-related fMRI - Automated, repetitive bladder filling with 1 0OmL body warm saline starting with an empty bladder. 



REST 

(60s) 



2 RATINGS 

(15s) 



REST 

(7-9s) 



REST 

(60s) 
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I (15s) 
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PASSIVE WITHDRAWAL 


REST 


(9s) 


(15s) 


(60s) 


(7-9s) 



B) Second task-related fMRI - Automated, repetitive bladder filling with lOOmL body warm saline starting with a high prefilled bladder volume.* 

^ III 



REST 

(60s) 
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(15s) 



REST 

(7-9s) 
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(60s) 
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C) Third task-related fMRI - Automated, repetitive bladder filling with lOOmL cold (4-8°C) saline starting with an empty bladder. 




REST 

(60s) 



2 RATINGS 

(15s) 



REST 

(7-9s) 



REST 

(60s) 



' 

INFUSION 
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2 RATINGS 


PASSIVE WITHDRAWAL 
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(15s) ^ 


(9s) 


(15s) 


(60s) 


(7-9S) 



Figure 3 Scan paradigm of three different task-related functional MRIs (fMRIs). All task-related fMRIs identically start with a 'baseline' rest 
(60 s, no specific stimulus or task is performed), a 'baseline' rating (desire to void and level of pain), a short rest (jittered between 7 and 9 s in 
which blood oxygen level-dependent (BOLD) activation resulting from motor activity during the previous rating will return to baseline to avoid 
contamination of the following condition) and conclude with a 'last' rest (60 s, no specific stimulus or task is performed). All task-related fMRIs 
consist of eight repetitive blocks, each with either five (first and third fMRIs) or eight (second fMRI) conditions. (A) Conditions of the first task- 
related fMRIs: (1) automated infusion of 100 mL body warm saline, (2) plateau phase (bladder distention after infusion is perceived), (3) rating, (4) 
passive withdrawal to empty the bladder completely and (5) short rest. This task-related fMRI starts with an empty bladder. (B) Conditions of the 
second task-related fMRIs: (1) automated infusion of 100 mL warm saline, (2) plateau phase, (3) rating, (4) short rest, (5) automated withdrawal of 
100 mL, (6) plateau phase (bladder distention after withdrawal is perceived), (7) rating and (8) short rest. "This task-related fMRI (B) starts with a 
high prefilled bladder volume, that is, the bladder will be filled with body warm saline until a persistent desire to void is present. (C) Conditions 
of the third task-related fMRIs: (1) automated infusion of 100 mL cold (4-8°C) saline, (2) plateau phase, (3) rating, (4) passive withdrawal to empty 
the bladder completely and (5) short rest. This task-related fMRI starts with an empty bladder. 



BOLD signal intensity in supraspinal ROIs as well 
as structural parameters, that is, grey matter 
volume and number of white matter tracts between 
ROIs. 



For the analysis of the neuroimaging data, we will use 
statistical parametric mapping (SPM) V.8 or newer (Well- 
come Department of Imaging Neuroscience, University 
College London, UK) and toolboxes as appropriate. 



Data analysis 

Clinical data, for example, questionnaires scores, urody- 
namic parameters and 3-day bladder diary outcomes 
will be statistically analysed and compared between 
groups using IBM's Statistical Package for the Social Sci- 
ences (SPSS) version 19.0 or newer (Armonk, New 
York, U.S.). The statistical analysis will be presented 
with means and standard deviations or with medians 
and interquartile ranges as appropriate. 



Regulatory issues 
Ethical approval 

This study has been approved by the local ethics com- 
mittee (Kantonale Ethikkommission Zurich, KEK-ZH- 
Nr. 2011-0346) and will be performed in accordance to 
the World Medical Association Declaration of Helsinki 
[24], the guidelines for Good Clinical Practice (GCP) 
[25], and the guidelines of the Swiss Academy of Med- 
ical Sciences [26]. Handling of all personal data will 
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strictly comply with the federal law of data protection in 
Switzerland [27]. 

Safety 

According to the safety regulations of the MR-Centre of 
the University Hospital Zurich, the staff involved in this 
study will be instructed and trained. Prior to entering the 
scanner room, all participants will be asked to remove any 
ferromagnetic items (for example, bra, chains, earrings, 
rings, and piercings). All participants will be provided with 
standardised clinical scrubs to prevent incidental import of 
ferromagnetic items into the MR room. To exclude UTI or 
pregnancy, urinalysis will be performed on every participant 
before urodynamic investigations and MR measurements. 
In case of pregnancy, the participant will be excluded from 
the study and referred to a gynaecologist. In case of UTI, 
the participant will not undergo the experiment but will 
be treated appropriately. After successful treatment, a re- 
assignment to the study is possible. 

In case of an adverse event (AE) or a severe adverse event 
(SAE), as defined by the International Organization for 
Standardization (ISO, 14155) [28] and the International 
Conference on Harmonisation (ICH) GCP guidelines (E6) 
[25], responsible authorities, that is, the principle investiga- 
tor and the ethics committee will be informed. Appropriate 
actions will be executed. All AEs and SAEs will be followed 
as long as medically indicated. 

Funding 

The Swiss National Science Foundation (grant number: 
135774), Wings for Life, the Emily Dorothy Lagemann 
Stiftung and the Swiss Continence Foundation are fund- 
ing this study. 

Discussion 

This study will investigate structural and functional abnor- 
malities and specific alterations in the brain networks of 
supraspinal LUT control in SCI patients with neurogenic 
detrusor overactivity compared to healthy controls using a 
multimodal imaging protocol. Importantly, effects on the 
supraspinal LUT control after treatment for neurogenic 
detrusor overactivity with intradetrusor onabotulinumtox- 
inA injections in SCI patients will be explored. 

The findings will help to verify, amend, or adjust neur- 
onal circuitry models established from findings in healthy 
controls, now in the context of SCI patients with neuro- 
genic detrusor overactivity. Furthermore it will show 
whether neurogenic detrusor overactivity specific treat- 
ment such as intradetrusor onabotulinumtoxinA injec- 
tions induce structural or functional reorganisation in 
supraspinal areas related to LUT control and in how far 
such changes correlate with improvements of clinical out- 
come parameters. These investigations will help us to 



understand how onabotulinumtoxinA modulates afferent 
pathways. 

Advanced neuroimaging and evaluation techniques have 
the potential to serve as quantifiable outcome measures 
for therapy success and for improving our treatment strat- 
egies in this patient population. 

Trial status 

The trial is in the recruiting phase at the time of manu- 
script submission. 

Abbreviations 

AE: Adverse event; BOLD: Blood oxygen level-dependent; DTI: Diffusion 
tensor imaging; FA: Fractional anisotropy; FC: Functional connectivity; 
fMRI: Functional magnetic resonance imaging; GLM: General linear model; 
GCP: Good clinical practice; ICC: Intra-class correlation coefficient; 
ICH: International conference on harmonisation; ISO: International 
organization for standardization; LUT: Lower urinary tract; LUTS: Lower 
urinary tract symptoms; MR: Magnetic resonance; MRI: Magnetic resonance 
imaging; MD: Mean diffusivity; MNI: Montreal neurologic institute; 
NLUTD: Neurogenic lower urinary tract dysfunction; PVR: Post void residual; 
QoL: Quality of life; ROI: Regions of interest; SAE: Severe adverse event; 
SPM: Statistical parametric mapping; SC: Structural connectivity; SCI: Spinal 
cord injury; TBM: Tensor-based morphometry; UTI: Urinary tract infection; 
VBM: Voxel-based morphometry. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

All authors participated in creating the study design. LL, MW, and TMK 
drafted the manuscript PF, UM, LM, and SK provided a critical revision of the 
manuscript. PF, UM, SK and TMK obtained the funding of this study. All the 
authors read and approved the final manuscript. 

Acknowledgements 

We would like to acknowledge Wings for Life, Swiss National Science 
Foundation, Emily Dorothy Lagemann Stiftung, and Swiss Continence 
Foundation for financial support 

Author details 

^Neuro-Urology, Spinal Cord Injury Centre & Research, University of Zurich, 
Balgrist University Hospital, Forchstrasse 340, 8008 Zurich, Switzerland. 
^Institute of Neuro-Radiology, University of Zurich, University Hospital Zurich, 
Zurich, Switzerland. 

Received: 4 August 2014 Accepted: 13 August 2014 
Published: 18 August 2014 

References 

1. Hackler RH: A 25-year prospective mortality study in the spinal cord 
injured patient: comparison with the long-term living paraplegic 

JU(on977, 117:486-488. 

2. Pan nek J, Blok B, Castro-Diaz D, del Popolo G, Groen J, Karsenty G, Kessler TM, 
Kramer G, Stohrer M: Guidelines on neuro-urology, European association of 
urology 201 4. www.uroweb.org/gls/pdf/21 %20Neuro-Urology_LR.pdf. 

3. Buser N, Ivic S, Kessler TM, Kessels AG, Bachmann LM: Efficacy and adverse 
events of antimuscarinics for treating overactive bladder: network 
meta-analyses. Eur Urol 2012, 62:1040-1060. 

4. Kessler TM, Bachmann LM, Minder C, Lohrer D, Umbehr M, Schunemann HJ, 
Kessels AG: Adverse event assessment of antimuscarinics for treating 
overactive bladder: a network meta-analytic approach. PLoS One 201 1, 
6:el6718. 

5. Wollner J, Kessler TM: Botulinum toxin injections into the detrusor. BJU Int 
2011, 108:1528-1537. 

6. Chancellor MB, Patel V, Leng WW, Shenot PJ, Lam W, Globe DR, Loeb AL, 
Chappie CR: OnabotulinumtoxinA improves quality of life in patients 
with neurogenic detrusor overactivity. Neurology 2013, 81:841-848. 



Leitner et at. BMC Urology 2014, 14:68 Page 7 of 7 

http://www.bionnedcentral.conn/1471-2490/14/68 



7. Apostolidis A, Dasgupta P, Fowler O: Proposed mechanism for the efficacy of 
injected botulinum toxin in the treatment of human detrusor overactivity. 
Eur Urol 2006, 49:644-650. 

8. Fowler CJ, Griffiths D, de Groat WC: The neural control of micturition. 
Nat Rev Neurosci 2008, 9:453-466. 

9. Fowler CJ, Griffiths DJ: A decade of functional brain imaging applied to 
bladder control. Neurourol Urodyn 2010, 29:49-55. 

10. Herzog J, Weiss PH, Assmus A, Wefer B, Self C, Braun PM, Herzog H, Volkmann 
J, DeuschI G, Fink GR: Subthalamic stimulation modulates cortical control of 
urinary bladder in Parkinson's disease. Brain 2006, 129:3366-3375. 

1 1 . Herzog J, Weiss PH, Assmus A, Wefer B, Self C, Braun PM, Pinsker MO, 
Herzog H, Volkrmann J, DeuschI G, Fink GR: Improved sensory gating of 
urinary bladder afferents in Parkinson's disease following subthalamic 
stimulation. Brain 2008, 131:132-145. 

12. Kitta T, Kakizaki H, Furuno T, Moriya K, Tanaka H, Shiga T, Tamaki N, Yabe I, 
Sasaki H, Nonomura K: Brain activation during detrusor overactivity in 
patients with Parkinson's disease: a positron emission tomography 
study. J Urol 2006, 175:994-998. 

13. Mehnert U, Michels L, Zempleni MZ, Schurch B, Kollias S: The supraspinal 
neural correlate of bladder cold sensation-an fMRI study. IHum Brain 
Mapp 201 1,32:835-845. 

14. Andrew J, Nathan PW: Lesions on the anterior frontal lobes and 
disturbances of micturition and defaecation. Brain 1964, 87:233-262. 

1 5. Holstege G: Micturition and the soul. J Comp Neurol 2005, 493:1 5-20. 

16. de Groat WC: A neurologic basis for the overactive bladder. Urology 1 997, 
50:36-52. discussion 53-36. 

17. Basser PJ, Mattiello J, LeBihan D: MR diffusion tensor spectroscopy and 
imaging. Biophys J 1994, 66:259-267. 

18. Walter M, Michels L, Kollias S, van Kerrebroeck PE, Kessler TM, Mehnert U: 
Protocol for a prospective neuroimaging study investigating the 
supraspinal control of lower urinary tract function in healthy controls 
and patients with non-neurogenic lower urinary tract symptoms. 
BMJOpen 2014, 4:e004357. 

19. Ashburner J, Friston KJ: Voxel-based morphometry-the methods. 
Neuroinnage 2000, 1 1 :805-821 . 

20. Ashburner J, Friston KJ: Diffeomorphic registration using geodesic 
shooting and Gauss-Newton optimisation. Neuroinnage 201 1, 55:954-967. 

21. Caceres A, Hall DL, Zelaya FO, Williams SC, Mehta MA: Measuring fMRI 
reliability with the intra-class correlation coefficient. Neuroinnage 2009, 
45:758-768. 

22. Costa P, Perrouin-Verbe B, Colvez A, Didier J, Marquis P, Marrel A, Amarenco 
G, Espirac B, Leriche A: Quality of life in spinal cord injury patients with 
urinary difficulties. Development and validation of qualiveen. Eur Urol 

2001,39:107-113. 

23. Jarrahi B, Wanek J, Mehnert U, Kollias S: An fMRI-compatible multi- 
configurable handheld response system using an intensity-modulated 
fiber-optic sensor. Conf Proc IEEE Eng Med Biol Soc 2013, 2013:6349-6352. 

24. World Medical Association: Declaration of Helsinki - ethical principles for 
medical research involving human subjects. 1964, [http://www.wma.net/ 
en/30publications/10policies/b3/] 

25. International conference on harmonisation: Good clinical practice 
guideline, http://www.ich.org/products/guidelines/efficacy/article/efficacy- 
guidelines.html. 

26. Swiss Academy of Medical Sciences: Guideline - concerning scientific 
research involving human beings. 2009, http://www.samw.ch/dms/en/ 
Publications/Guidelines/e_Leitfaden_Forschung_defpdf 

27. The Federal Authorities of the Swiss Confederation: Bundesgesetz uber 
den Datenschutz (DSG) vom 19. Juni 1992, Stand. 01.01.2014. 1992, 
http://www.admin.ch/opc/de/classified-compilation/1 99201 53/ 
201401 01 0000/235.1. pdf 

28. International organization for standardization, ISO 14155. http://www.iso. 
org/iso/catalogue_detail?csnumber=45557. 



doi:1 0.1 186/1471-2490-14-68 

Cite this article as: Leitner et al.: Protocol for a prospective magnetic 
resonance imaging study on supraspinal lower urinary tract control in 
healthy subjects and spinal cord injury patients undergoing 
intradetrusor onabotulinumtoxinA injections for treating neurogenic 
detrusor overactivity. BMC Urology 20] 4 14:68. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at Ri^nHod Tpntrai 

www.biomedcentral.com/submit momea L,enirai 



